Abstract. In this study, the trends and variability of annual precipitation totals and annual rain days over land within the Mediterranean region are analyzed. Long term groundbased observations concerning, on one hand, monthly precipitation totals and rain days from 40 meteorological stations within the Mediterranean region were obtained from the Hellenic National Meteorological Service and the World Climate Data and Monitoring Programme (WCDMP) of the World Meteorological Organization. On the other hand, high spatial resolution (0.5 • × 0.5 • ) gridded monthly data CRU TS 3.1 were acquired from the Climatic Research Unit, University of East Anglia, for the period 1901-2009. The two datasets were compared by means of trends and variability, while the influence of the North Atlantic Oscillation (NAO) in the Mediterranean precipitation was examined. In the process, the climatic changes in the precipitation regime between the period 1961-1990 (reference period) and the period 2071-2100 (future climate) were presented using climate model simulations (RACMO2.1/KNMI). The future climate projections were based on SRES A1B.
Introduction
In recent years, there is a great consensus among the scientific community concerning the variability and trends of precipitation and their effects on the environment during the 20th century (Karl and Knight, 1998; Folland and Karl, 2001; Zhang et al., 2001) . For Europe, the precipitation trend appears to be positive in the northern (Forland et al., 1996; Schonwiese and Rapp, 1997) and negative in the south (Schonwiese and Rapp, 1997) .
The Mediterranean region comprises the lands around the Mediterranean Sea that have a Mediterranean climate as part of Subtropical climate, which is characterized by hot, dry, sunny summers and a winter rainy season (Csa, Csb, according to Koppen classification); basically, this is the opposite of a monsoon climate and seems to be more sensitive to changes in global warming with a significant impact on the parameter of precipitation. The analysis of cyclone climatology in the Mediterranean region shows trends and a moderate response to future emission scenarios. The main signal is associated with a decrease of cyclone frequency during winter in the western Mediterranean region, presumably associated with a northward shift of the storm track and persistent high phase of NAO index (Hurrell and van Loon, 1997) . Such decline of cyclone frequency is suggested to continue as green house gas concentration increases, as shown by scenario simulations (Ulbrich and Christoph 1999, Lionello et al., 2002) .
According to the results of climatic models (SRES A1B), it
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is very likely that during the period 2080-2099, precipitation will shift northwards while decreases of more than 20 % over the reference period 1980-1999 will appear (IPCC, 2007) at southern Mediterranean regions. The SRES A1 storyline (IPCC, 2007) assumes a world of very rapid economic growth, a global population that peaks in mid-century, and rapid introduction of new and more efficient technologies. A1 is divided into three groups that describe alternative directions of technological change: fossil intensive (A1FI), non-fossil energy resources (A1T), and a balance across all sources (A1B). Accordingly, Tselioudis et al. (2008) , based on the results of climatic models, showed a marked decrease in winter precipitation within the Mediterranean region -almost 20 % by the end of the 21st century. However, cyclone activity presents large seasonal and spatial variability, with large differences from western to eastern Mediterranean and between cold and warm seasons (Lionello et al., 2006) . The majority of the Mediterranean region has tended toward decreasing winter precipitation during the last few decades, mostly starting in the 1970s and proceeding to an accumulation of dry years in the 1980s and 1990s (Schonwiese et al., 1994; Palutikof et al., 1996; Piervitali et al., 1997; Schonwiese and Rapp, 1997) . The west-central Mediterranean area has experienced a precipitation decrease during the last 50 yr (Piervitali et al., 1997) . Trends are not uniform and interdecadal variability is high. The different characteristics of the western and eastern Mediterranean and high interdecadal variability are presumably the source of some disagreement. In fact, other studies suggest no actually significant trend, an increase of weak cyclones in the western Mediterranean in the period 1978 (Trigo et al., 2000 , a positive trend in the eastern Mediterranean, though not in the rainy season (Maheras et al., 2001) . Nevertheless, in a 45 yr record, Guijarro et al. (2006) , show a significant decrease in the cyclonic circulation in the western Mediterranean, and an increase in the eastern Mediterranean.
Precipitation trends and variability within the eastern Mediterranean and Greece in particular have been studied by many researchers (Repapis, 1986; Maheras and KolyvaMahera, 1990; Mantis et al., 1994; Metaxas et al., 1999 , Brunetti et al., 2001 , Paliatsos et al., 2005 Pnevmatikos and Katsoulis, 2006; Feidas et al., 2007; Zerefos, 2007, 2008; .
The objective of this study is to analyze, on one hand, the trends and variability of long term time series of precipitation totals and annual number of rain days based on groundbased and gridded (CRU TS 3.1) monthly observations over land in the Mediterranean region, as well as the influence of atmospheric circulation, by means of NAOI. On the other hand, precipitation projections for the future climate (2071-2100) under SRES A1B were carried out using simulations from RACMO2.1/KNMI model. The SRES A1B was chosen because it is considered an average scenario and it is mostly acceptable for future projections, according to the scientific literature. Moreover, the future projections derived by RACMO2.1/KNMI (ENSEMBLES Deliverable D3.2.2) are based only on A1B scenario.
Data and analysis
The trends and variability of annual precipitation totals within the Mediterranean region were analyzed for two periods -one concerning the period 1901-2009 and the other the period 1951-2009 -using, on one hand, the gridded monthly precipitation data CRU TS 3.1 (Climatic Research Unit, University of East Anglia) with spatial analysis 0.5 • × 0.5 • , covering all land areas of the Earth (continental areas and some large islands) with the exception of the Antarctic region (Mitchell and Jones, 2005) . These datasets were constructed using precipitation totals and air temperature from many meteorological stations around the world that have been tested for reliability and homogeneity. More specifically, for the period 1961-1990, the network of meteorological stations whose data were used to create the CRU TS 3.1 includes more than 8000 stations worldwide with temperature and more than 6000 with precipitation data. This network is denser in overpopulated areas like Europe, where more than 800 stations were used for air temperature and more than 600 stations for precipitation totals. In addition, estimates are made of the uncertainties caused by poor measurements, uncertainties in the station data, sampling uncertainties caused by the limited number of measurements available, and largescale biases such as urbanisation. The following briefly describes the steps taken to create the gridded specific datasets: at first, for each station, the mean air temperature and precipitation for the period 1961-1990 were calculated for each month (New et al., 1999) . Thereafter, the time series of monthly anomalies from the mean of the period were calculated for each station for the period 1901-2009. Then the derived time series were adjusted into a grid with spatial resolution 0.5 • × 0.5 • , using statistical interpolation methodology. In the process, the time series were corrected for each grid point, in order that the mean anomaly of air temperature and precipitation for the control period 1961-1990 is equal to zero. Finally, for each grid point, the mean values of the period 1961-1990 were added to the anomaly time series (New et al., 1999 (New et al., , 2000 Mitchell and Jones, 2005) .
On the other hand, monthly precipitation totals from 40 meteorological stations within the Mediterranean region (Table 1) were acquired from the monthly climatological bulletins of Hellenic National Meteorological Service (HNMS), while the European monthly precipitation datasets for the period 1990-2010 were acquired from the monthly Climatic Data for the World (http://www7.ncdc.noaa.gov/ IPS/mcdw/mcdw.html), and for the period 1900-1990 from WORLD CLIMATIC DISC, Global Climatic Change Data, CHADWYCK-HEALEY, Climatic Research Unit at the University of East-Anglia. Additionally, the annual number of rain days (days with precipitation greater than 1 mm) were (Sneyers, 1975) . The influence of atmospheric circulation in the gridded and ground-based precipitation variability is examined with respect to North Atlantic Oscillation Index, which is defined as a difference of standardized sea level pressure (SLP) time series from a station close to the centre of the Azores High (Gibraltar) and a station close to the centre of Islandic Low (Reykjavik) (Jones et al., 1997) .
Finally, future precipitation projections from the regional simulation model (RACMO2.1/KNMI) were used in order to estimate the annual precipitation changes within the Mediterranean between the period 1961-1990 (reference period) and 2071-2100 (future climate). The assessment of future climate made for the emission scenario A1B. RACMO2.1/KNMI (van Meijgaard et al., 2008 ) is based on the ECMWF physics cycle 28r4, which has been used for the ERA-40 re-analysis project. This physics package consists of the mass flux scheme by Tiedtke (1989) (including many updates), a prognostic cloud scheme by Tiedtke (1993) , and tiled land surface scheme TESSEL, including four soil layers (both for soil moisture and temperature) and a skin temperature. In order to reduce the temperature bias in summer, the vegetation stress function has been modified and the thickness of the soil layers has been increased (to nearly 3.94 m in total) as described in Lenderink et al. (2003) . RACMO2.1 uses the HIRLAM (6.3.7) advanced Semi-Lagrangian dynamical core and runs at a resolution of 0.22 degrees. The domain has 206 points in longitudinal direction and 224 in latitudinal direction. The model uses 40 vertical levels. The boundary layer update interval is 6 h.
The RACMO2.1/KNMI simulation presented in this study concerns dynamic downscaling of ECHAM5 GCM. More specifically, the RACMO2.1/KNMI has been forced with six hourly lateral boundary conditions provided from ECHAM5.
Results and discussion

Trends and variability based on historical data
The mean annual precipitation from gridded datasets (CRU TS 3.1) for the Mediterranean over land for the periods 1901-2009 and 1951-2009 is depicted in Fig. 1 (upper and lower graphs respectively). The mean annual precipitation for both examined periods exhibits similar patterns in the Mediterranean over land. High precipitation totals (1000-2400 mm) appear in eastern coastal areas of Adriatic and Ionian Sea, Croatia, Slovenia and northern Italy (especially southern Alps), mainly due to mountain forcing and local cyclogeneses. Furthermore, the eastward moving depressions from the Atlantic Ocean generate high precipitation totals (1000-1600 mm) over the northwest Iberian peninsula and southwest France. Less precipitation totals (100-500 mm) appear in the northern coastal areas of Africa and Spain mainland (300-500 mm), with an exception of Italian peninsula, Middle East, western coastal Turkey and Greece (400-800 mm).
Taking into consideration the rain season (OctoberMarch), Fig. 2 presents the mean precipitation from gridded datasets (CRU TS 3.1) for the periods 1901-2009 (upper graph) and 1951-2009 (lower graphs) . The spatial pattern of precipitation totals during the rain season is similar to the annual pattern, giving evidence that the rain season drives the precipitation for the entire year. High precipitation totals (400-1100 mm) appear in eastern coastal areas of Adriatic and Ionian Sea, Croatia, Slovenia and northern Italy (especially southern Alps). Less precipitation totals (200-400 mm) appear in the rest of the Mediterranean.
The trends of the gridded time series (CRU TS 3.1) of the annual precipitation totals for the period 1901-2009 are presented in Fig. 3 (upper graph). Marked areas with an asterisk concern areas where trends are statistically significant at 95 % confidence level (CL). Decreasing trends (0.8-1.6 mm yr −1 , statistically significant at 95 % CL) appear at western and southwestern Mediterranean region (northern Africa and southern Iberian, while these trends are stronger in the north-eastern Morocco. On the other hand, however, farther north (western and northern Iberian, southwestern France) the annual precipitation show statistically significant (95 % CL) positive trends (1.2-4.0 mm yr −1 ). Eastward, slight positive trends (not statistically significant at 95 % CL) appear particularly in the area of northern Africa, the region of Calabria and western Sicily, while decreasing precipitation trends (0.8-1.8 mm yr −1 ) statistically significant (95 % CL) are observed northward to the Italian peninsula, Sardinia and Slovenia, Croatia. Throughout the eastern Mediterranean, annual precipitation shows a statistically significant (95 % CL) decreasing trend (0.8-1.2 mm yr −1 ), with the exception of northern Asia Minor and Eastern Thrace. Figure 3 (lower graph) depicts the trends of gridded annual precipitation totals (CRU TS 3.1) for the period 1951-2009. During this period, it is remarkable that almost the entire Mediterranean, from the eastern Iberian to Palestine, shows a statistically significant (95 % CL) decrease in annual precipitation totals (2.0-6.0 mm yr −1 ), much more pronounced than within the period 1901-2009, especially in northwest Africa, Italian and Greek peninsula. On the other hand, the region of north Africa from 15 • E to 30 • E longitude appears increasing trends (0.8-1.8 mm yr −1 ), which are statistically significant (CL 95 %). Additionally, significant increasing trends (1.0-4.0 mm yr −1 ) appear in the region of Calabria (Italy), a fact that is inconsistent with the areal pattern, and could be attributed to few particular data from CRU TS 3.1 gridded datasets. In a recent work, Brunetti et al. (2010) , studying the precipitation variability and change in the Calabria, found that a general negative trend, albeit not everywhere significant, was detected, in particular for the autumn-winter period, while in summer the tendency was toward an increase in total precipitation. With respect to rain season (October-March), Fig. 4 depicts the precipitation trends concerning gridded datasets (CRU TS 3.1) for 1901-2009 (upper graph) and 1951-2009 (lower graph) . Interpreting the resulted trends within the rain season for both examined periods, we concluded that similar patterns to the respective annual ones appear, indicating that the observed variability of precipitation within the rain season significantly weights the annual precipitation variability in the Mediterranean.
These findings are in agreement with the results of other researchers. The eastern Mediterranean shows a tendency towards drier conditions (Kutiel et al., 1996; Turkes, 1998) , while the western and central areas, although showing negative trends in the number of wet days and/or the total rainfall amounts, indicate an increase in intense precipitation events over the period 1951 (Brunetti et al., 2001 Alpert et al., 2002) . Schonwiese et al. (1994) reported a pronounced significant trend towards a drier winter climate in the eastern Mediterranean area for the period . For Italy, recent studies confirm a negative precipitation trend (Buffoni et al., 1999; Piervitali et al., 1998) , steeper in the central and southern areas. The west-central Mediterranean area has experienced a precipitation decrease during the last 50 yr (Piervitali et al., 1997) . Table 1 presents the trends of the time series of annual precipitation totals and annual number of rain days for the available Mediterranean stations. Additionally, the trends of area average of annual precipitation totals , as well as the trends of annual number of rain days from representative meteorological stations, for west, central and east Mediterranean were calculated (Table 1, Alicante, Menorca, Barcelona, Perpinian, Ajjacio, Nice), the central Mediterranean (Malta, Tunis, Oran, Kerkyra, Argostoli, Agrinio, Araxos, Methoni, Chania) and east Mediterranean (Athens, Kalamata, Naxos, Rhodes, Sitia, Heraklion, Antalya, Larnaca) are depicted in Fig. 5 (left graphs) . On the other hand, the estimated time series of area average annual number of rain days within the west Mediterranean (Menorca, Gibraltar, Alicante, Barcelona), the central Mediterranean (Malta, Trapani, Tunis, Messina, Kerkyra) and east Mediterranean (Athens, Heraklion, Rhodes, Kalamata, Antalya) for the period 1965-2010 are depicted in Fig. 5 (right graphs) . In this point, it is worthy to note that the trends of the composite time series should not be considered as a mean trend for the respective geographical area but, as it has been mentioned before, as representative trends of the west, central and east Mediterranean regions, based on ground-based observations. The resulted composite time series from representative stations within west, central and east Mediterranean show similar trend patterns with those of gridded time series. In west Mediterranean, annual precipitation total within the period 1951-2010 appear a sharp decrease of 28 % (statistically significant at 95 % CL, Table 1), while this decrease is smaller (23 %) in the central Mediterranean. Insignificant decreasing trends (13 %) appear in the east Mediterranean (Table 1) . Concerning the trends of annual precipitation totals in Greece (not shown), statistically significant (95 % CL) decrease of approximately 10 %-25 % appear within the period 1951-2010 (Table 1) , following the pattern of west Mediterranean. Similar results were found by Feidas et al. (2007) , who concluded that the clear decreasing trend in annual precipitation in Greece for the period 1955-2001 is driven by the relative decreasing trend in winter precipitation.
These findings are in agreement with the results of other researchers working on reconstruction of precipitation time variability of these parameters, indicating that the trends in rain season are drivers for the annual trends in the Mediterranean. found that the annual number of rain days in Greece follow decreasing trends for the period 1956-2002, statistically significant (95 % CL). This decrease is higher in western and northern Greece, resulting in some cases in increasing precipitation intensity (mm day −1 ) Zerefos, 2007, 2008) . Moreover, Brunetti et al. (2001) provided evidence that significant decreasing trends in annual number of rain days in Italy exist, while increasing trends in the precipitation intensity (mm day −1 ), statistically significant for northern Italy, appear.
The aforementioned negative trends in precipitation totals can be explained, at least partly, by the observed positive trend in the NAOI (Dünkeloh and Jacobeit, 2003; Xoplaki et al., 2004; Luterbacher et al., 2005) . Positive NAOI phase (stronger dipole) results in prevailing westerly winds that are strengthened and moved northwards causing increased precipitation and temperatures over the northern Europe and drier and cooler anomalies in the Mediterranean region, while opposite conditions occur during the negative (weaker dipole) NAOI phase (Hurrell, 1995; Hurrell and Van Loon, 1997; Xoplaki et al., 2000; Feidas et al., 2004) . The effect of NAOI in ground based precipitation totals and number of rain days time series is analyzed by means of correlation coefficients concerning the entire year (January-December) and the rainy season (October-March), as well (Table 2) . Accordingly, Fig. 7 depicts the correlation between NAOI and gridded precipitation datasets (CRU TS 3.1) for the entire year and the rainy season. appear between 10 • E-35 • E at northern Africa (Fig. 7 , upper graph). Higher correlations appear during the rainy season, covering wider areas of Mediterranean (Fig. 7, lower graph) . Also, taking into account the ground based annual precipitation totals (Table 2) , the west Mediterranean appears negative correlations (−0.25) statistically significant at 95 % CL, the central Mediterranean appears insignificant small negative correlations (−0.15), while the east Mediterranean appears significant negative correlations (−0.29). However, concerning the precipitation totals within the rain season (October-March), the west Mediterranean turns into statistically significant higher negative correlation (−0.49), the central Mediterranean appears insignificant small negative correlations (−0.19), while the east Mediterranean appears significant negative correlations (−0.39). In western Greece the correlation is −0.38 while in the eastern Greece is −0.21, statistically significant at 95 % CL.
As far as the correlations between NAOI and rain days during the entire year are concerned, statistically significant (95 % CL) negative correlations (−0.32) appear only within western Mediterranean (Table 2) , while statistically significant (95 % CL) higher negative correlations appear during the rainy season for the west (−0.57), central (−0.38) and east (−0.43) Mediterranean.
Trends and variability based on future model projections
In the process, the climatic changes of mean annual precipitation totals within the Mediterranean region between the period 1961-1990 (reference period) and the period 2071-2100 (future climate) are presented (Fig. 8) 1 Figure 8 . Spatial distribution of mean annual precipitation totals (mm) for the reference 2 period 1961-1990 (upper graph), the future period 2071-2100 (middle graph) and the 3 differences of mean annual precipitation between the two periods (lower graph). The red dot 4 line separates negative and positive differences (%), while shaded areas concern statistically 5 significant differences (95% CL). 6 Fig. 8 . Spatial distribution of mean annual precipitation totals (mm) for the reference period 1961-1990 (upper graph) , the future period 2071-2100 (middle graph) and the differences of mean annual precipitation between the two periods (lower graph). Shaded areas concern statistically significant differences (95 % CL).
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www.nat-hazards-earth-syst-sci.net/11/3235/2011/ The weights f1, f2,. . . ,f6 are combined to a single number by multiplication. Following this procedure, the RACMO2/KNMI model has a weight of 465 compared with 81 for REMO/MPI and 86 for the HadRM3/Hadley Centre model. The largest overall weight is associated with the model of KNMI, mostly as a result of the function f4 (representation of extremes), which shows the largest variability across models and the function f2 (meso-scale signal based on seasonal temperature and precipitation analysis), which shows the best score (0.093) from all the other models. Hence, we chose to use the RACMO2/KNMI for the calculation of mean seasonal precipitation in the future climate. The results are depicted in Fig. 8 , showing the spatial distribution of mean annual precipitation totals (mm) for the reference period (1961-1990, upper graph) and future period (2071-2100, middle graph) and the differences (%) in mean annual precipitation between the two periods (lower graph). A decrease of about 20 % (statistically significant at 95 % CL) in annual precipitation appears throughout the Mediterranean region with an exception of eastern regions of France, Dalmatian coasts, northern Balkans (Romania, Northern Serbia, Croatia), some parts of Bulgaria and Black Sea, showing a small increase (1 %-6 %) for the future period against negligible changes in northern Italy, France and central Balkans. Particularly, a significant decrease (30 %-45 %) is shown on the majority of northern Africa, while a significant decrease appears from 10 % at the northern to 30 % at the southern parts of Iberian Peninsula, Greece and Turkey.
Moreover, these findings are in agreement with the decrease in precipitation within the Mediterranean presented by 21 Multi-Model data set (MMD), where the percent decrease in mean annual precipitation from the years 1980-1999 to 2080-2099 under the A1B scenario, averaging over all available simulations for each model ranges from −15 % to −50 % (IPCC, 2007).
Conclusions
The annual precipitation totals from ground-based observations and gridded datasets (CRU TS 3.1) appear statistically significant (95 % confidence level) decreasing trends in the majority of Mediterranean regions during the period 1901-2009, much more pronounced during the period 1951-2009 and within the rain season (October-March). An exception appears in northern Africa and western Iberian peninsula, where negligible increasing trends (not statistically significant at 95 % CL), are apparent. On the other hand, concerning the annual number of rain days, significant decreasing trends appear within the east Mediterranean, while the trends are insignificant for west and central Mediterranean during the period 1951-2008.
The North Atlantic Oscillation influences negatively the precipitation totals and the number of rain days mainly in Spain, southern France, Italy and Greece. These correlations are higher within the rain season (October-March) than the entire year. Based on the future projections of regional climate model RACMO2/KNMI, annual precipitation within the majority of Mediterranean is very likely to decrease on an average of 20 %, during the period 2071-2100 compared to 1961 -1990 
